modeling revealed a significant difference among oldestold adults based on residential status. Conclusion: The results suggest that we should not consider fatigue as merely an unpleasant physical symptom, but rather adopt a perspective that different factors such as psychosocial aspects can influence fatigue in advanced later life.
Fatigue has been characterized as the absence of energy from different perspectives from a physiological perspective [12, 13] , and most previous studies have been conducted in the context of physical functioning/disability, restricted activities, diseases, and pain with fatigue among older adults [14] [15] [16] [17] [18] [19] [20] . However, in order to obtain a comprehensive picture of fatigue, it is important to explore the influences of other factors such as social or psychological aspects explaining the association between tiredness and functional decline among the older population [20] . A few studies have examined emotional aspects of the relationship between fatigue and daily functioning among older women who had osteoarthritis, rheumatoid arthritis, and fibromyalgia [21] . Including psychological aspects of the relationship between functional ability and health may contribute to a more comprehensive understanding of fatigue [21] and affect, especially positive affect, as it appears to be a stronger predictor of health and functional ability [22] . Moreover, even though a number of studies have tried to identify psychosocial factors explaining fatigue [23] [24] [25] , the relationship between social interaction/support and fatigue is not well understood, especially for older adults. Evidence of a significant relationship between social support or social interaction and fatigue has been found for healthy, younger adults [26, 27] . For example, higher social support has been found to contribute to decreased levels of fatigue [26] .
The middle-range theory of unpleasant symptoms [28] provides a theoretical perspective of a comprehensive picture of fatigue in association with multidimensional predictors such as social or psychological as well as physical aspects. The middle-range theory includes three major components: the symptoms, influencing factors that affect the symptoms, and the outcomes of the symptoms (e.g. performance). The concept of symptoms, the central aspect of this theory, refers to 'the perceived indicators of change in normal functioning as experienced by individu als' [ 29 , p. 242 ] . Consistent with prior research utilizing this theory which considered fatigue as a symptom [30] [31] [32] [33] , the current study will focus on fatigue as a symptom. An important contribution of the current study is the inclusion of multidimensional factors influencing fatigue. There are three different categories of influencing factors: functional capacity, psychological wellbeing, and situational context. Functional capacity refers to 'anatomical/structural, physiological, genetic, and treatment-related variabl es' [ 34 , p. 167 ] . Previous studies [33] defined activities of daily living as a manifestation of the ability to navigate one's day-to-day life, so the current study adhered to this definition. Psychological factors encompass 'both affective and cognitive variables' [34 , p. 168 ] . They indicate individuals' affective response to the symptom or levels of knowledge about the symptom that can impact the symptom experience [34] . Situational factors are defined as the individuals' social and physical environment [34] . For instance, individuals' background and accessibility to financial, emotional, or social support can influence symptoms [34] . Taken together, three influencing factors (i.e., functional capacity, psychological well-being, and situational context) in relationship to fatigue were the focus of this study ( fig. 1 ).
Even though fatigue is a commonly reported symptom among older adults and has been closely related to functional capacity [21, 33] , the influence of psychosocial factors is less known and few researchers have investigated an integrative assessment of the factors contributing to fatigue, especially among oldest-old adults. The proportion of oldest-old adults (those 85 years of age and older) is increasing rapidly and continuously in the US population as demonstrated by a 300% increase in those over 85 from 1960 to 2000 [28] . Several studies have investigated centenarians' functional abilities and various adaptation- al characteristics such as declining physical functioning, cognitive functioning, deterioration in housing, economic disadvantages, or nutritional risks [29] [30] [31] [32] ; however, these studies have not examined fatigue symptoms.
Potential factors attributed to the levels of fatigue among older adults have been identified as gender, residential settings and ethnicity. The gender difference of fatigue among older adults is still controversial. Two previous studies found there was no gender difference between men and women in musculoskeletal-related fatigue [35, 36] , but other studies suggested that women were less likely to feel tired compared to men especially in muscle fatigue [35, [37] [38] [39] . Residential settings may be another factor to be considered as a significant predictor for fatigue. As people grow older, they are more likely to live in a care facility than a personal home [40] . The National Nursing Home Reports showed that less than 12% of older adults aged over 60 years live in care facilities, but the proportion is about 45% among those over 85 years of age and older [40] . As expected, nursing home/ long-term care facility residents tend to have higher prevalence rates of chronic disease [41] , and it may be assumed that this could lead to higher levels of fatigue. Furthermore, in terms of race/ethnic differences, previous studies found that race/ethnicity was associated with adverse symptoms which included fatigue [42] . Because of the evidence that gender, residential setting, and ethnicity may be related to fatigue, it is important to use these variables as covariates when assessing other predictors of fatigue.
Overall, our primary objective in the present study was to explore the relationship of fatigue with indicators of functional capacity (i.e., activities of daily living, self-rated health), psychological well-being (i.e., positive affect and negative affect), and situational factors (i.e., social networks and social support) in very late life using the middle-range theory of unpleasant symptoms. To pursue this objective, we examined data from the Georgia Centenarian Study (GCS, Phase III) [43] . Using these data, the following two research questions were addressed:
(1) Are there significant associations of functional capacity, psychological well-being, and situation factors with fatigue among oldest-old adults?
(2) Is there a difference in the relation between fatigue and functional capacity, psychological well-being, and situation factors among residents in long-term care facilities and those residing in private homes?
Methods

Participants
As discussed in our previous work [52] , the sampling frame of the GCS (Phase III) [43] , which provides data for this study, had two components. The first one was to identify the proportion of all residents of skilled nursing facilities and personal care homes in a 44-county area in northern Georgia. Based on Census proportions, the project identified residents of skilled nursing facilities and personal care homes as well as community-dwelling residents. The second recruiting strategy was to use the date-of-birth information in voter registration files. Based on these two components and five different characteristics (geographic, age, gender, race and type of residence), a sample of centenarians and octogenarians was drawn for this study [43] .
This study included 210 community-dwelling and institutionalized octogenarians and centenarians who were cognitively intact (MMSE [44] score 1 17; average score 24.91). In this study, 66.2% of participants were centenarians and 73.8% were women. Over 70% of participants lived in a private home, apartment, or personal care facilities. The majority of the sample (82.9%) was White/Caucasian. Three quarters of respondents (76.2%) rated their health as good or excellent and almost 90% of participants reported knowing 5 or more people very well. In addition, over half of the sample (61.7%) received visits from people they knew. A summary of demographic characteristics is presented in table 1 . 
Measures
Covariates. Gender, ethnicity and residential setting were used as covariates. Male was coded as '0' and female was coded as '1'. Caucasian was coded as '1' and African-American was coded as '0'. For the residential setting, there were two categories: private home (0) and long-term care facility residence (1) .
Fatigue. Fatigue, as a symptom in this study, was assessed via the Multidimensional Fatigue Inventory (MFI) [45] . A multidimensional concept of fatigue was adopted given the belief that fatigue should be adequately associated in multi-causal models with other factors such as biomedical, psychosocial, or pathological factors [46] . The Multidimensional Fatigue Inventory consists of five sub-dimensions: general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. Each sub-dimension has four indicators. General fatigue was assessed with items related to general tiredness (e.g., 'I tire easily', 'I feel tired'), whereas physical fatigue was examined by items specifically associated with physical exhaustion and limitation (e.g., 'physically, I feel I am in a bad condition', 'physically, I feel only able to do a little'). Reduced activity was comprised of questions such as 'I think I do very little', and 'I get little done'. Reduced motivation was assessed including 'I dread having to do things', and 'I don't feel like doing anything'. Lastly, mental fatigue was measured via items related to mental alertness (e.g., 'My thoughts easily wander', 'It takes a lot of effort to concentrate on things'). All 20 items were scaled so that -1 = disagree, 0 = neutral, and 1 = agree, and the summary score of the 20 items was used in this study. Cronbach's ␣ for multidimensional fatigue was 0.96. Scores ranged from -20 to 20, with higher scores indicating higher levels of fatigue.
Functional Factors. The self-care capacity (ADL) and self-rated health scales from the Duke Older Americans Resources and Services Procedures (OARS) [47] were used to assess daily functional ability. In terms of ADL, fourteen self-report items assessed the difficulty participants had with instrumental (e.g., shopping, cooking, and cleaning) and physical tasks (e.g., bathing or showering, dressing, eating, getting in and out of bed or a chair, walking, getting outside, and using the toilet). The functional assessment questionnaire of the Older Americans Resources and Services Procedures is highly reliable (r = 0.85) [47] . In our study, we used 10 of these 14 items after conducting a preliminary exploratory factor analysis. Cronbach's ␣ for physical activity of daily living (PADL) and instrumental activity of daily living (IADL) was 0.85 and 0.83, respectively. The ranges for PADL and IADL were 0-10 and higher scores for instrumental and physical tasks indicated better functioning in each domain. Current subjective health was rated as excellent, good, fair, or poor, and was scaled so that 0 = poor to 3 = excellent.
Psychological Factors . Affect, an indicator of psychological well-being, was assessed with the Bradburn Affect Balance Scale [48] . The scale consists of two dimensions: positive affect and negative affect. Five positive affect items ( ␣ = 0.80) and five negative affect items ( ␣ = 0.80) were used in this study. Participants were asked to rate the following statements for positive affect: during the past 2 weeks, (1) did you ever feel pleased about having accomplished something?, (2) did you ever feel proud because someone complimented you on something you had done?, (3) did you ever feel particularly excited or interested in something?, (4) did you ever feel that things were going your way?, and (5) did you ever feel on top of the world? For negative affect, the following questions were asked: (1) did you ever feel depressed and very unhappy?, (2) did you ever feel vaguely uneasy?, (3) did you ever feel bored?, (4) did you ever feel so restless that you couldn't sit long in a chair?, and (5) did you ever feel very lonely or remote from other people? Ratings were used with a four-point Likert scale: 1 = not at all, 2 = once, 3 = several times, 4 = often. Higher scores for positive affect indicated higher levels of positive affect, whereas higher scores for negative affect indicated higher levels of negative affect.
Situational Factors . The Duke Older Americans Resources and Services Procedures [47] was used to gauge situational factors. Participants assessed the number of people within their social network ('how many people do you know well enough to visit within your home or in their homes?') and the frequency of visits as social support ('how many times during the past week did you spend some time with someone who does not live with you; that is you went to see them or they came to visit you, or you went out to do things together?'). The 2 questions were used separately as single items. Higher scores indicated higher levels of social networks and social support as situational factors.
Analysis Plan
Data were analyzed using the SPSS statistical package (version 19.0). Bivariate correlations including means (M) and standard deviations (SD) were used to examine relationships among levels of fatigue, self-rated health, instrumental activities of daily living, physical activities of daily living, positive and negative affect, social network and social support ( table 2 ). Blocked multiple regression models were computed to identify significant and independent predictors of fatigue as a symptom. In addition, multiple group analysis in structural equation modeling was used to investigate the possibility of residential differences using M plus [49] .
Results
Significant Predictors of Fatigue among Oldest-Old Adults
Using three different categories of variables and covariates, we computed blocked multiple regression analyses to investigate fatigue among oldest-old adults. The results are summarized in table 3 . Four different models were computed. The first model included potentially influential demographic characteristics: gender, ethnicity, and residential setting. The second model included functional capacity (i.e., self-rated health, instrumental activities of daily living, and physical activities of daily living). The third model included demographic variables and psychological factors (i.e., positive and negative affect). Lastly, demographic variables and situational factors (i.e., social network and social support) were included in model 4. Three different blocked multiple regression analyses (models 2-4) were used to assess whether each model was a significant improvement over model 1.
Results from model 1 suggest that residence ( ␤ = 0.24, p ! 0.01) was a significant predictor of fatigue. Long-term care facility residents were more likely to report higher levels of fatigue than private home residents. Adding functional capacity significantly improved the model, F ⌬ A DL = Activities of daily living. * p < 0.05; ** p < 0.01. 
Residential Differences in Fatigue
Given the significance of residential setting on fatigue in models 1-4 ( table 3 ), the second issue that we addressed was whether the significant predictors for fatigue were consistent for long-term care facility residents and private home residents. To address this question, regression analysis was conducted simultaneously for long-term care facility residents and private home residents with the multiple-group option in M plus [49] . Thus, we were able to compare the path coefficients that were derived for the two different residential settings.
To test this question, the fit of two models were compared. The first model assumed that the causal paths from predictors in table 3 to fatigue were the same for long-term care facility residents and private home residents. The alternative model allowed the causal paths from the variables to fatigue to vary for two different residential settings. Freeing these paths significantly altered the fit of the model. The 2 difference test indicated that there was a significant difference, 2 (7, n = 210) = 31.73, p ! 0.001. The differences in the 2 different models are shown in figures 2 and 3 .
Based on the alternative model (the model which freed the causal paths), self-rated health ( ␤ = -0.83, p ! 0.01), instrumental activities of daily living ( ␤ = -0.92, p ! 0.001), positive affect ( ␤ = -0.59, p ! 0.001), negative affect ( ␤ = 0.78, p ! 0.001), and social support ( ␤ = 0.82, p ! 0.01) were significant predictors of levels of fatigue among private home residents ( fig. 2 ) . Among older adults who did not reside in a long-term care facility, those persons who rated their health as worse needed more help from others for instrumental activities of daily living, had lower levels of positive affect, higher levels of negative affect, and had more visits of acquaintances, felt more fatigued. In contrast, predictors of fatigue among longterm care facility residents were different. Instrumental activities of daily living ( ␤ = -0.75, p ! 0.01), negative affect ( ␤ = 0.99, p ! 0.001), and social networks ( ␤ = 0.01, p ! 0.05) were significantly associated with levels of fatigue ( fig. 3 ) . Among long-term care facility residents, persons reporting high functioning with instrumental activities of daily living, higher levels of negative affect, and more people within their social network also reported increased levels of fatigue.
Discussion
Fatigue is a common symptom in older adults. Fatigue is usually related to specific diseases such as cancer, chronic obstructive pulmonary disease, or chemotherapy [5] [6] [7] [8] [9] [10] [11] ; however, idiopathic (non-disease related) fatigue is also reported by older adults. Physical functioning, psychological status or social interaction with others might influence unexplained fatigue of older adults, especially among oldest-old adults. The purpose of this study therefore was to explore significant predictors of fatigue for centenarians and octogenarians of the Georgia Centenarian Study with the middle-range theory of unpleasant symptoms. Four sets (i.e., covariates, functional capacity, psychological well-being, and situational factors) of blocked multiple regressions were computed to examine significant factors related to fatigue. First, blocked multiple regressions showed expected results. Self-rated health and instrumental activities of daily living, two indicators of functional capacity, were important for fatigue among oldest-old adults. Participants who rated their health as poor and needed less help from others for activities such as shopping, cooking, and cleaning felt higher levels of fatigue. This finding is consistent with previous results suggesting that there is a significant relationship between physical health, self-rated health, and fatigue [50] , and that fatigue is a significant determinant limiting activity for community-dwelling adults [15] . In addition, the data further reveal the importance of psychological aspects, especially positive and negative affect, for fatigue. This is consistent with findings reported by Zautra et al. [21] which also indicate a significant relationship between affect, both positive and negative affect, and fatigue. It is intriguing that there was a significant effect of affect on fatigue. Most studies on fatigue among older adults focus on fatigue as a physical symptom and emphasized relationships with physical aspects such as chronic diseases, health, or physical functioning [17] [18] [19] [20] . This result suggests that we should have a holistic understanding for fatigue as it relates to other factors. Specifically, the current findings revealed a significant relationship between fatigue and social support which is a situational factor (i.e., social network and social support). Previous studies [26] [27] 51] focused on only healthy and young-old adults. This finding extends previous research noting that social support had a significant effect on fatigue for oldest-old adults.
Multiple group analysis in SEM indicated the importance of residential differences in understanding fatigue among oldest-old adults. A noteworthy finding of this study was the detection of residential differences (i.e., long-term care facility vs. more private setting) for the relationships among functional, psychological, situational factors and fatigue. Self-rated health, instrumental activities of daily living, both positive and negative affect, and social support were significant predictors of fatigue among private home residents. This suggests that most of the indicators of three factors (functional, psychological, and situational factors) were important predictors of fatigue symptomatology for private home residents. Surprisingly, we found that there was a significant relationship between social network and fatigue among oldestold adults who lived in apartments, personal care, or private homes. In other words, it might be more tiring to have more people to interact with in very later life. While interactions with acquaintances may improve quality of life, fatigue may be an unwanted consequence among the oldest-old population.
In terms of long-term care facility residents, instrumental activities of daily living and negative affect were strong predictors of fatigue. Even though participants lived in long-term care facilities, those who had better functioning of activities such as shopping, cooking, and cleaning, and had lower levels of negative affect had lower levels of fatigue. Situational factors also played a different role for this subsample. Social support was a strong significant factor for private home residents but not for long-term care facility residents. Whereas social support had a significant influence on fatigue ( ␤ = 0.82, p ! 0.01) among private home residents, it was not as strong as social networks in predicting fatigue ( ␤ = 0.01, p ! 0.05) among long-term care facility residents. One possible explanation that the two social factors differed by residential setting is that social support given in long-term care facilities is not systematically associated with fatigue as it is primarily considered to be formal support. In essence, long-term care facility residents can typically count on a certain amount of support. This is another important finding of this study suggesting the inclusion of situational factors for fatigue with oldest-old participants. Most studies that investigated the influences of social support or social networks on fatigue included only younger and healthy participants [26, 27] . Another significant aspect of this study is the focus on advanced old age. Even though fatigue is typically approached as poor energy utilization from a physiological perspective, more attention should be paid to fatigue as both an unexplained/idiopathic symptom and multidimensional concept among older adults. Therefore, focusing on fatigue, as a multidimensional aspect, in advanced old age and its influence on the relationship among functional, psychological, and social aspects could be helpful to develop more sophisticated interventions that consider distinct disease-related and psychosocial influences in advanced old age [21] .
When interpreting the present results, limitations of this study should be considered. First, it cannot be assumed that the observed relationship among affect, fatigue and physical functioning is causal because of the cross-sectional research design. Second, the participants of this study were recruited from only one geographic region of the United States. Individuals from other parts of United States or other countries might demonstrate different patterns in the relationship among fatigue, functional capacity, psychological well-being, and situational factors. Future research on fatigue and other significant predictors should assess changes over time and should include representative participants.
Although fatigue is a common symptom among the older population, most studies have considered fatigue as a physical symptom or sign for physical disease. Beyond physical mechanism, a psychosocial approach to fatigue is largely unknown. This study suggests that practitioners and caregivers for oldest-old adults should address symptoms of fatigue with early management of symptoms and by providing support that enhances quality of life at the end of life. In sum, the present study demonstrates that there is a significant role of functional, psychological, and social aspects on fatigue. The results suggest that we should consider fatigue not just an unpleasant and physical symptom, but a critical symptom related to various factors such as psychosocial factors in very later life.
